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Abstract. The PIENU experiment aims at the measurement of the branching ratio R = 
r(7r — > ev + n — > evj)/r(Tv — >• [i,v + n — > fJ,v"/) at the < 0.1% precision level, with which mass 
scales of 1000 TeV/c 2 can be searched for new pseudoscalar interactions. The status of the 
experiment is described. 



1. Motivation 

Within the Standard Model (SM), lepton universality refers to the fact that different charged 
leptons have identical electroweak gauge interactions. Differences among them can be found 
only in their masses and couplings to the neutral Higgs scalar, a remnant of the mass generation 
through the electroweak spontaneous symmetry breaking. 

The most stringent test of lepton universality regards the first two families (e — \x universality) 
and comes from the measurement of the branching ratio R = T(ir — > ei; + ir — > ev^)/T(ir — > 
fiu + 7r — )■ [iv^i). At lowest order, assuming lepton universality 

= 1.28347 x 10~ 4 . (1) 

The smallness of R® h is a consequence of the helicity suppression for the leptonic tt — > ev decay. 
A measurement of this quantity includes effects of real and virtual photons and therefore the 
calculation of radiative corrections is needed. The first calculation including radiative corrections 
[U [21 [3] and considering a pointlike pion gave a reduced branching ratio Rth = 1.233 x 10~ 4 
with a correction of the order 5 = (3a/w) ln(m e /m M ). The latest modern calculation [4| takes 
into account the pion structure using chiral perturbation theory to order 0(e 2 p 4 ) and radiative 
corrections as well: 

Rth = (1.2352 ± 0.0001) x 10" 4 . (2) 
This prediction has to be compared with the present combined experimental result [6l [7] 

R exp = (1.230 ± 0.004) x 10 -4 . (3) 




The PIENU experiment aims at improving the experimental precision for R exp by about a 
factor 5, and therefore testing the SM prediction to better than ±0.1% level. Such a precision 
experiment has the potential to uncover physics beyond the SM, measuring a deviation from 



Figure 1. Elevation view of the PIENU setup. A large Nal(Tl) crystal (called BINA), measures 
the energy of decay positrons from an active scintillator target. The Nal(Tl) crystal is surrounded 
by 97 Csl crystals. The pion beam comes from the left and is tracked by wire chambers and 
silicon microstrip detectors. 



the theoretical calculations. Effects from new physics are expected in the AR/R ~ 1CP 4 — 10~ 2 
range and therefore there is a possibility to detect them or constraint the theoretical models 
[1]. There are may possible extensions of the SM which can modify R, like heavy neutrinos, 
extra dimensions [8], leptoquarks [9], compositeness [10], charged Higgs bosons or (R-parity 
violating) SUSY [TT]. Since the tt — > ev decay is helicity-suppressed, R is very sensitive to 
helicity-unsuppressed couplings like the pseudo-scalar ones. Pseudo-scalar contributions through 
interference terms are proportional to 1/mjj, where run is the mass of the hypothetical particle. 
On the contrary, lepton flavour violating decays such as fi — > receive contributions. 
The deviation from the SM prediction can be parameterized as pQ: 

< « (™*y x 10 3. (4) 

R S m G> A PS m e (m d + m u ) \ A PS J 

ignoring the negligible contribution of the 7r — > [iv decay in presence of pseudoscalar interactions 
and assuming a coupling similar to the weak one. The parameter Aps represents the mass scale 
of the new pseudoscalar interaction. With the planned precision, PIENU will be sensitive to 
mass scales of Aps ~ 0(1000 TeV) for new pseudoscalar interactions, which is far beyond the 
reach of collider experiments. Scalar couplings due to new physics can also induce changes to R 
through higher order loop corrections |llj . 

The high statistics sample recorded by the PIENU experiment will also allow an improved search 
for massive neutrino states using the tt — > ev decay up to a mass of 130 MeV/c 2 . 





Figure 2. (Top Left) Energy spectrum measured with the Nal(Tl) crystal. (Top Right) 
Enlarged energy spectrum in the ir — > ev region. (Bottom Left) Time distribution of the 
7r + —7- fi + —7- e + decay chain, obtained from the low-energy region events. (Bottom Right) 
Time distribution of the tt + — > e + v decay, obtained from the high-energy region events. 



2. The Experimental Technique 

The PIENU experiment will obtain R from the ratio of positron yields from the tt + — > e + v decay 
(E e + = 69.3 MeV) and the 7r + — > [i + v decay followed by the /i + — > e + vv decay (tt + — > fi + — > e + , 
E e + = - 52.3 MeV). 

By measuring the decay positrons from both decays at the same time with the same apparatus 
(see fig. [1]), many normalization factors like the solid angle cancel at the first order and only 
small energy-dependent effects have to be taken into account as correction. 
The experiment is based on a stopped beam technique: a 75 MeV/c pion beam impinges on an 
active scintillator target where it stops via energy loss (50-100k/s pion stop rate). The high- 
purity pion beam has a very low (< 2%) positron content and it is produced with an energy-loss 
separation technique [5]. 

Pions decay at rest into the target, which is thick enough to contain the muons from the 
7r + — > decay. The energy of the positrons from the target is measured with a large (48x48 
cm) Nal(Tl) crystal with 25% solid angle and about 1% FWHM energy resolution at 70 MeV. 
The Nal(Tl) is surrounded by 97 Csl crystals for shower leakage detection. 
Identification of pions is achieved with scintillators, wire chambers and silicon microstrip 
detectors before the target. Silicon detectors are important for identifying pion decays in flight 
before the target. After the target other scintillators and silicon detectors are used for tracking 
and identification of decay positrons. Another scintillator and wire chambers are placed in front 
of the Nal(Tl) calorimeter for defining the positron acceptance. The scintillators before and 
after the target provide the measurement of the decay time. 



3. Analysis and Expected Precision 

The analysis strategy is based on dividing the positron energy spectrum into low-energy 
(containing mostly ir + — > /i + — > e + decays) and high-energy (tt + — > e + v decays) regions (see 
fig. [2]) . The regions are divided slightly above the end-point of the ir + — > [i + — > e + spectrum 
(the "Michel edge"). 

The energy-based separation allows to identify the two decays, but backgrounds still remain to be 
identified and subtracted. The high energy region contains some fraction of the ir + — > /x + — > e + 
decays due to charged and neutral pileup effects. The low-energy region contains a tail of 
7r + — > e + v decays. The tail originates from energy leakage from the Nal(Tl) and radiative 
decays (ir + — > e + i"y). The low-energy tail is buried under the large amount of tt + — > fi + — > e + 
events and its knowledge represented the major uncertainty of the previous experiments. 
A key part of the PIENU experiment is the reduction of the low-energy tail and a measurement of 
it directly from the data, without relying on simulation. The technique to observe the low-energy 
tail is based on pulse-shape fitting of the target signals with 500 MHz ADCs for identifying and 
suppressing the ir + — > fi + — > e + contribution. The improved tracking capabilities given by 
the combination of wire chambers and silicon microstrip detectors will help in suppressing the 
remaining background from decays in flight. A factor of 5 improvement with respect to the 
previous experiment [6j will be expected for the uncertainty on the low-energy tail. The larger 
solid angle will help in lowering the second largest source of uncertainty, which comes from 
Coulomb and Bhabha scattering of positrons. 

The extraction of the branching ratio is based on the simultaneous fit of the time spectra of the 
two energy regions, taking into account the shapes of the backgrounds and the amount of the 
low-energy tail. 

4. Conclusion 

The PIENU experiment is completely operational and taking physics data since 2009. With a 
factor 30 improvement in statistics with respect to the previous TRIUMF experiment it will 
be able to significantly reduce the main sources of uncertainty and provide the most precise 
measurement of the branching ratio R. At PSI (Switzerland), an experiment with a similar 
goal is being carried out. Precision experiments in the LHC era can provide important and 
complementary tests for the Standard Model or for New Physics scenarios. 
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